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(54) METHOD OF MANUFACTURING NITRIDE SEMICONDUCTOR ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a light-emitting element, 
which uses a nitride semiconductor substrate consisting of a nitride 
semiconductor film having a good crystallizability and is formed with 
an electrode on its rear surface, and to provide a nitride 
semiconductor element such as a light-receiving element. 
SOLUTION: A nitride semiconductor substrate is obtained by 
growing a nitride semiconductor film in a film thickness of 100 urn or 

nitride semiconductor film, and by removing the obtained substrate 
from the nitride semiconductor film. The surface of the 
semiconductor substrate is grown into a surface polished until the 
difference between the recesses and projections of the surface of 
the semiconductor substrate is reduced to ±1 urn or smaller. The 
irregularity of the surface is prefered to be ±0.5 urn or smaller. The J. 1 ** 3 ' s 
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miconductor substrate is doped with n-type impurities. 
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[0005] 

[PROBLEMS THAT IS SOLVED BY THE INVENTION] When a nitride semiconductor 
device used for various electron devices such as an LED device, an LD device, or a light 
receiving device is manufactured, if a substrate formed of a nitride semiconductor can be 
used, another nitride semiconductor is grown on the substrate to grow a nitride 
semiconductor having reduced lattice defects, which extremely improves the crystallinity of 
the device and provides a device which has not been conventionally provided. Hence, the 
object of the present invention is to provide a method for manufacturing a substrate formed 
of a nitride semiconductor having excellent crystallinity and a new method for manufacturing 
a device using a substrate of a nitride semiconductor. 

■1 0019] In the manufacturing metho d a ccording to the p resent in vention, it is preferable t o 
remove, by polishing, the substrate made of a material different from a nitride semiconductor. 
For the polishing, impalpable powder of diamond, SiC, etc. is used for an abrasive. Further, 
an etching method such as dry etching or wet etching is not desirable since it is likely to 
cause damage to a nitride semiconductor substrate and to take more time than polishing. 
[0020] The manufacturing method of a nitride semiconductor device according to the present 
invention is a manufacturing method of a device using a nitride semiconductor substrate, and 
the thickness of a different type of substrate is not particularly limited in the device 
manufacturing method according to the present invention. What is important is the third 
step in which after the substrate is removed, the surface of the nitride semiconductor 
substrate is polished until the difference between irregularities on the surface of the nitride 
semiconductor substrate becomes not greater than ± 1 um. When the difference between 
irregularities is not smaller than ± 1 um, the quality of the nitride semiconductor to be grown 
on the nitride semiconductor substrate is likely to be unstable, which makes it impossible to 
manufacture a device having excellent crystallinity. 

[0021] Next, in the first step of the device manufacturing method according to the present 
invention, although HVPE, MOVPE, MBE, etc. are used for growing a nitride semiconductor 
on a different type of substrate to not smaller than 100 urn, HVPE and MOVPE are desirably 
used and HVPE is the most desirably used. An HVPE method makes it easier to rapidly 
grow a nitride semiconductor substrate with a large thickness. Further, in the fourth step, 
although an HVPE method may be used for manufacturing a device on the nitride 



semiconductor substrate, an MOVPE is the most desirably used. An MOVPE method 
makes it easier to control the film thickness of a nitride semiconductor, and makes it more 
difficult to generate cracking than an HVPE method when growing a nitride semiconductor 
containing Al such as AlGaN. Moreover, since a chloride of Al strongly reacts with quartz 
glass used for an HVPE device in an HVPE method, growing a nitride semiconductor 
containing Al is difficult. So, it is the most desirable to form a substrate made of GaN and 
not containing Al as the nitride semiconductor substrate in the first step. 
[0022] Furthermore, in the manufacturing method according to the present invention, the 
growth surface of the nitride semiconductor is preferably a polished surface of the nitride 
semiconductor substrate in contact with a substrate made of a material other than the nitride 
semiconductor. Herein, obviously, a buffer layer grown on the different type of substrate is 
removed by polishing and the polished surface of the nitride semiconductor substrate from 
which the buffer layer has been removed is the growth surface. The half width of the X-ray 
rocking curve of the polished nitride semiconductor substrate is not larger than 5 minutes, 

preferably not larger than 3 m inut e s. The h alf w idth w hich evaluates the crystallinity of th e 

nitride semiconductor was practically determined in advance when the nitride semiconductor 
substrate was grown in the first step. However, regarding the crystallinity of the nitride 
semiconductor, cracks and crystal defects are likely to be reduced in the nitride 
semiconductor which is grown in the vicinity of the different type of substrate than in the 
nitride semiconductor which is grown away from the different type of substrate. So, since 
the nitride semiconductor at the side where the different type of substrate has been removed 
has more excellent crystallinity, a nitride semiconductor device having excellent crystallinity 
is obtained by growing a new nitride semiconductor device on the above side. 
[0023] 

[Embodiment] The manufacturing method of the nitride semiconductor substrate according 
to the present invention will be hereinafter described. 
[Embodiment 1] (HVPE) 

A quartz boat in which Ga metal is put is arranged in the inside of a reactor pipe 
made of quartz, and an inclined sapphire substrate having a thickness of 1.2 mm and a length 
of 2 inches 0 is arranged away from the quartz boat. A halogen gas supply pipe is provided 
close to the Ga metal in the reactor, and an N source supply pipe is provided close to the 
sapphire substrate separately from the halogen gas supply pipe. 

[0024] A nitrogen carrier gas and an HCI gas are mainly flown from the halogen gas pipe. 
The boat containing Ga metal is heated to a temperature of 900°C and the region in the 
vicinity of the sapphire substrate is heated to a temperature of 510°C. After that, an HCI 
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gas and Ga are made to react with each other to generate GaCl 3 , a nitrogen carrier gas and an 
ammonia gas are mainly supplied from the N source supply pipe located close to the sapphire 
substrate, and a buffer layer made of GaN is grown to 300 A above the sapphire substrate. 
[0025] After the buffer layer is grown, the temperature of the part in the vicinity of the 
sapphire substrate is raised to 1050°C, and growing is performed for 10 hours at a rate of 0.5 
um/minute so that GaN is grown to 300 um. 

[0026] Next, the wafer is taken out of the reactor and the GaN wafer is subjected to annealing 
at a temperature of 1 100°C for 5 minutes in a closed container to which a pressure not 
smaller than the decomposition pressure of GaN is applied. By performing the annealing in 
a nitrogen atmosphere to which a pressure not smaller than the decomposition pressure of 
GaN is applied, the crystal defects of GaN are likely to be reduced, whereby improved 
crystallinity is obtained. 

[0027] After the annealing, the wafer is moved to the polishing apparatus, part of the wafer at 
the sapphire substrate side is subjected to lapping using an abrasive made of diamond so that 
the sapph i re substrate and the buffer layer are removed. — Subsequently, the wafer is polish e d 
using an abrasive of finer diamond so that a GaN substrate having a thickness of 295 um is 
obtained. 

[0028] The nitride semiconductor substrate thus obtained is taken out of the polishing 
apparatus and the irregularities on the polished nitride semiconductor substrate are measured. 
The measurement result is within ±0.5 um. Moreover, since the measured half width of the 
X-ray rocking curve of the polished surface is approximately 3 minutes, it is found that a 
GaN substrate has excellent crystallinity. Note that SIMS makes it clear that the GaN 
substrate contains Si in a concentration of not larger than 5><10 17 /cm 3 and O in a 
concentration of 1 x 10 16 /cm 3 . These materials perhaps have entered from HC1 of the source 
gas and the quartz reactor. 

[0042] [Embodiment 4] Figure 1 is a cross-sectional view illustrating the structure of the 
laser element obtained in Embodiment 4 which is cut in a direction perpendicular to the 
resonance direction of laser light. The laser element according to the present invention will 
be hereinafter described with reference to this drawing. 

[0043] After the GaN substrate 21 obtained in Embodiment 1 is set in a reactor of the 
MOVPE apparatus shown in Figure 2 of Japanese Patent Publication No. H04- 164895 and 
the inside of the reactor is sufficiently replaced with hydrogen, the temperature of the 
substrate is raised to 1050°C while hydrogen is being flown to clean the substrate. 
[0044] After that, the temperature is lowered to 510°C and a buffer layer 22 made of GaN is 
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grown on the substrate 21 to approximately 200 A, using hydrogen for a carrier gas and 
ammonia and TMG for a source gas. The buffer layer 22 is formed by growing Al, N, GaN, 
AlGaN, InGaN, etc. to dozens to hundreds of angstroms at temperatures of not higher than 
900°C. The buffer layer 22 may be omitted depending on a method for growing a nitride 
semiconductor. 

[0045] (n-side contact layer 23) After growth of the buffer layer 22, only TMG is stopped to 
be flown and the temperature is raised to 1050°C. When the temperature reaches 1050°C, 
an n-side contact layer doped with Si in a concentration of lxl0 19 /cm 3 and made of n-type 
GaN is grown to 4 pm, using a TMA gas, an ammonia gas, and a silane gas. 
[0046] (Crack Prevention Layer 24) Next, the temperature is lowered to 800°C, and a crack 
prevention layer 24 doped with Si in a concentration of 5*10 ,8 cm 3 and made of In 0 .iGa 0 . 9 N is 
grown to 500 A, using TMG, TMI (trimethylindium), and ammonia for a source gas, and a 
silane gas as an impurity gas. The crack prevention layer 24 is grown of an n-type nitride 
semiconductor containing In, preferably InGaN so that cracks are prevented from generating 

in the nitride semiconductor layer containing Al The, r.rar.k preven t ion layer is preferably 

grown to 100 A to 0.5 pm. When the crack prevention layer has a thickness smaller than 
100 A, the crack prevention layer has difficulty in preventing cracks, while when the crack 
prevention layer has a thickness larger than 0.5 urn, the crystals are likely to turn black. 
The crack prevention layer 24 may be omitted. 

[0047] (N-side clad layer 25) Next, a first layer made of n-type Al0.2Ga0.sN and doped with 
Si in a concentration of 1 X 10 19 /cm 3 is grown to 20 A at a temperature of 1050 °C, using 
TMA (trimethyl aluminum), TMG, NH 3 , and SiH 4 for source gases. After that, a silane gas 
and TMA are stopped to be flown and a second layer made of non-doped GaN is grown to 20 
A. Then, a superlattice layer is formed by stacking 100 sets of the first layer and the second 
layer to obtain an n-side clad layer 25 formed of this superattice layer with a total thickness 
of 0.4 urn. The superlattice layer obtained by stacking nitride semiconductor layers with 
different compositions each having a thickness of not larger than 100 A, more desirably not 
larger than 70 A, the most desirably not larger than 40 A has excellent crystallinity since 
each of the nitride semiconductor layers has a thickness which is not larger than an elastic 
critical thickness. So, the life of the laser element is significantly improved by forming a 
film having excellent crystallinity without cracks thus grown on at least either of the sides of 
the laser element in the vicinity of the n-type nitride semiconductor layer and the p-type 
nitride semiconductor layer. Further, the superlattice layer is the most desirably formed as a 
layer which serves to confine carriers or lights. 

[0048] (N-side light guide layer 26) Sequentially, an n-side light guide layer 26 made of 



n-type GaN and doped with Si in a concentration of 5 X 10 18 /cm 3 is grown to 0.1 urn at a 
temperature of 1050 °C. The n-side light guide layer 26 functions as a light guide layer of 
an active layer and is preferably grown of GaN or InGaN to generally have a thickness 
ranging from 100 A to 5 um, more desirably from 200 A to 1 um. Further, the light guide 
layer 26 may be a superlattice layer. When the n-side light guide layer 15 and the n-side 
clad layer 14 are superlattice layers, a nitride semiconductor layer forming the superlattice 
layer has an average band gap energy larger than that of the active layer. Further, the first 
or second layer may be doped with n-type impurities, or may be undoped. 
[0049] (Active layer 27) After that, an active layer 16 is grown, using TMG, TMI, ammnonia, 
and silane for source gases. The active layer 16 is kept at a temperature of 800 °C and a 
well layer made of In0.2Ga0.gN and doped with Si in a concentration of 8 X 10 18 /cm 3 is grown 
to 25 A. Next, a barrier layer made of Ino.01Gao.95N and doped with Si in a concentration of 
8 X 10 18 /cm 3 is grown to 50 A under the conditions that the mol ratio of TMI is changed and 
the temperature is kept at 800 °C. This procedure is performed twice and finally an active 
layer 27 with a multiple quantum- we ll s tructure (MQ W ) of laminated-well l ayer s i s g rown t o 
175 A. Impurities to be doped into the active layer may be doped into both of the well 
layers and the barrier layers, or into either one thereof. Note that the threshold value can 
reduce when the n-type impurities are doped. When the active layer is made of a multiple 
quantum-well structure, this is distinguished from a superlattice layer since a well layer with 
a small band gap energy and a barrier layer with a smaller band gap energy than that of the 
well layer are inevitably stacked. 
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fi?^?»^ft^¥^©)SK^TS^£c^ 0 W < , IS 

[0 0 2 1 ] jfcK, *^^cO^OKifi7jaoH 1 OI 
IStcfe^T, SfflS«©±{CgjtW#{*^ 1 0 0 (in 
W±JSft«-ar5Kt4, HVPE, MOVPE, MB Ef 

tWS L < liHVPESt«t5o H V P EffiT'S 

±HCtt*fmt&tCtt. HV P E/*i%fflV^Tfe^^ 
^ «t»SL<f4M0VPEffi*ffl^5 o MOVPE 

imm¥mmmm*M®L^?<, ^et, aig 

a N ©cfc 1 *^tra{b»^mw*%iSftS-&5i8E 
(C, HVPE7?(cit^T^5-y^^A0t< <?f 5 0 
$e>tcHVPE7?-(?t±A 1 0tt{fc«K4HVPE««fcfi! 
ffl«n*?3S^Xi:»L<g*S-rsfe46, Aim 
SfbW*f*^S^^5cttiffl||-efe§ 0 ^-Ofc 
46, i! 1 OIloHtiffMtBiA 1 ^#$^v^g 

[0 0 2 2] ?b(C, *«WfiD«ifi^ffifcfcV^T, 
L < tt§fbft*»{*©«gffi^, ^b«i**i*i:Sa5 
#SctD*?,Sfi^eLT^/cgfbW«f*S«©Wig 

fb»*«ft8«©Pgffi^Mffii: f § c i: (iS^T*fc 
5 o ^fePMtogjb x IS o y ^ y 9-h 

-ycD^mmt 5 imT, $ & l < a 3 ^jwtt? 
fes ct^ai lv\ afbw*f*©igr H tt^i¥fffit-§ 

C Wlipgti, 1 Oiett3^TgfbW*f*» 

5, S«a«fc3fi^iJtfigfi^-i±/cfiJ©ajb»*3fl*0 

is^tta. nasfics v figs $ ■sfc afb#j «t 
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CO 0 2 3] 

[5SSJS091] (HVPE) 
555 J; D ft5£jS$«D«;: G a X X;b£AtifcS 

fC, *W>fc«W-fc/*S 1 . 2mm, 2 7 
•Y7Sfi%K«-r§ 0 ft*, SJSSSrtOG aXX;Wc 

^y#X«fMSi:}«iJf<:, ^7 7^7fflfiCfg]fiLfd3: 

a k a n im » 6 nr ^ § . 

[0 0 2 4] /Nny>^fxB«fcOaj|S++ 'J 7#X£± 
JC HC l^fX*^fX**X-rS. COBEGa**;!/® 
jft-hf49 0 01C{c4nJftU ^7 7-f7«£fJf±5 l 0 
■CKiPjRUTa&So *LT, HC 1 #XfcG a££j6£ 

fc n wasfr ^ a 7 y *z~7 u < s** + y 

7 #X t±lZtmb, ^77^ Tmkhlz GaNiDft 

[0 0 2 5] /W77B/&WI, 777-T7»«DS 
5^1 0 5 0 c CfC±#$^ ^fi^ffl 0 . 5 ^ m/KS 
1 OHfRMfiftfiV, 0 0 ^m©G a N£$fi£ 

[0 0 2 6] /ftfi& 7x-/N^SJS^f§^?)KDtti 
U SetGaN^i-z^G a N<E>##fflW±fi:inEE 
L/cffiiMt§cf3T\ 1 1 0 0 °CX* 5 #ffl7 > -- U >X*"T 
5» COi^fc, GaNOiMBPEEO±tftlEUfe3SR» 
H«*?7^-U y^"t5<: t tcj; 0 G a NOftAftffi 
# v >ft < ftoTfiHtiiS < ft 5«|^]fc<fe§ 0 

[0027] 7— — u >m ^ x~^*mmmwic® 

SSU XV^yFWjg»£Jl^T, t>"7 7^7a«iJ 
*vytry^u ■ f t7r^7»Mi:/s.y7 7li^i^ 

si* 'J ->>X*LT, 2 9 5 p mCDG a N»H£1#3 0 
[0 0 2 8] W±® <fc 3 tc LTtf^n/cSfttlW** 

©Hi&MELftfcclS, ±0. 5(imWofc 

T§ J:feJ;f3^!), ISIIttO&^G a NSS^W 
fcftTVStfctffiJUiLfc. ftfc'CCDG aN*ffitCtt?F 

♦fiftrk its itfsx i o "/ciswt, otfixio 
16 /ci3JxT#$tirv^ci:^s I M S fed; o fTO L 
/to ctittHS^XcDHC 1, &tf5£filS8Sfr&il 

[0029] mmmi cmovpe) 

4- 1 6 4 8 9 5 #4^g, W, 2 EltCTK'f'M O V P 
E»l^ffll\ B1EI. 0 mm, 2 -f Vf- 0 cD-y-7 7-T 



7 (Cffi) Sftft, COgilOgjSgg&rtfc-fey hU 
^rt^K^+^H^Lfcli, 7K^rlLft^P,, * 

Sofifi* i o 5 o°c$-e±s$-ii, a«to^y--y 

[0 0 3 0] §t(^T, £ffi£5 1 CCtTW, 
7#XtOj<Jft, WXiC7>^7^TMG ( HJ X 
^'^W fc*fflV\ »«±KGaNJ;Dft5/W 

7rH^2 o o^yfxhu-L.cDmmTitMs^^o 

[0 0 3 1 ] ^fc, Sflfc 1 0 5 0°C£T-±ff$-t±, H 
tWXSCTMG, figftilfiO. 1 ft 

m/^"C\ 2 4 B#P^ft5-&, MP 14 4/1 m©X > F 
-7G a NS*^g$-tir5„ 

[0 0 3 2] Mg, 7x-/^SJ6§t§^C,^ l 3tli 

u nmmi tmmcLx, g a n 7 x^-/^ g a n © 

^»ti±tcAnffiLfeegfflgs*^ 1 ioof?5»i 
7-- y V X* LTcft, -9-7 7^ 7111^7 y fcf y X, 
^y^>X*LT, S^l 4 0 fim£>GaN*K*#5 0 

£3, ±0. 5 jtmJKrt-e&ofco Se.KST«iS^5X 

8 p-y^y^- 7* ®¥ffi*I£$J5£f S i: * <fc 2 ^t? 

fe<9, SStttD&^G a NSffi^ff btlT^^CiTi^iJ 

[0033] [tmm 1 ] naseij 1 icts^r, 9 0 

0 / im(0-v t 7 7l'7affi%fflV^ftilti, |Wl«tLTGa 
N^fi$-)i-fctu5, fiff«flJOGaN*<OX«lPy + 
> ^'*-7'cD^«i^ 8 ftHh *) , *SS0IJ 1 KJt« L 
T, G a NS«C0$SlBtt^-fgia±* N oTl/^ C ^*^iJ0^ 
L7Co ?P»ic, 8 0 0 nmCD&CDimmWzMfotfmtl 

[0 0 3 4] ^(C, WTOHJfiWtt+aWOJR^fcOV^ 

[^SSffil 3 ] ^fig&lj 1 Ti#bn/c G a NStg%«fMip 4 
- 1 6 4 8 9 5^-^fE, mzm^t MO VP ESB^: 
CKOgBOgJSSSrtfc-fe'y m 1 0 5 0°CtC 
T, S i ft 1 x l 0i9/cm3F-7L/cnSG a NH^r 
5 Mm^H/fTfi5cft$^5o ftfe, niGaNOMI 

[0 0 3 5] ^(C, niG a NC0±C, Si^lXlO 
19 /cra3F-7L/cn^A 1 0 . 2 G a 0 . 8 N J: 0 ft 1 

XVF-7CDG a N J;Dft§H2©H^2 O^VXXh 

figfi^-^S c: £ J; 13 SfbW^ft^^fflTJ^fRSIW 

[0 0 3 6] 0 0°CT% I n 0 . 4 G a 0 . 6 NJ;f)S 

5MIS3 0 *y?7, h n-AOf-i? #p«3fi<t 0 ft 

[0 0 3 7] ^{C, gttiicDJitCMg^ 1 x 1 0 2o/cm 
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3 F-7°L/c P gyA 1 0 . 2 G a 0 . 8 NJ;<9&§ffn©JI5 
2 Otf^XhP-AOJWrejSSS-S, i^TMg^ 
1 x 1 OiB/atSF—^UfepSlG a N«k 045^20 

0. 4^m©etg7~J;D&5pfiJ^-yKJi£j&R2-£ 

[0 0 3 8] &fcC©p«*vv Kl50±tMg4l 
x 1 0 2o/ cin 3p-- 7 »>L / / ;: p§y G a n/15 0. 5 (imC 

C0 0 3 9] 5JS*S7£s SS5SS3:T-T«\ £b(C 

imnHJw, ^-^s^toc^t, 700 

[0 0 4 0] 7--U >m f x-/%%SlSS»^6 
HXDttiU «±«CDpS!|G aNflicN i £Au,>5^i? 
lEWIi, »MI«cWi:S i t A u J;!3£5a*ffifc 
5,iSttfct£, 3 5 0 ji mftco^-y 7°K^ffiLT LEDl 
TtLtctCZ, I f 2 0mAfC}3VT5 2 0 nmOl 
€l563t%Sb, Vf(±3. 2V, tBXjf±8mWfc&o 

/Co 

[0041] [jt«0ij2] mmm 1 fit^n^G a ns 

ffiOOTSffiOIHi&tf ± 1.5/1 mOtO*fflV5ffltt* 

wj3 tisiatLTL e nmttftSiLfctcz, mc 

< I f 2 OmAtfi^T, V f 3. 2 VT*hifzh\ ttt 
[0 0 4 2] [HMJ4] HU4*SS«iJ4ti:«J:?)»6n 

[0 0 4 3] 1 Ti#en/cG a NS«2 1 5, ft 

Bfl¥4- 1 6 4 8 9 5WM$, mzmiCmtUO VP E 

Lfc&, ***&KLfctf S«^Iffi5 1 0 5 0°C£ 

[0 0 4 4] SK5 5 1 OtlfTi^ +t'J 

7#XiC7j<i|, MH^XtCTy^r-r^TMG^rfflVX 
S*2 1±{CG a N«k0ftS^y7rJl2 2 58200 

BAIN, GaN, A 1 G a N, InGaNftf900 

[0 0 4 5] (ndnVW hS2 3) 2 
TMG©*ihfeT, fifi5 1 0 5 0°C3;7?±# 



•>5y**X5ffli/\ S i 5 1 X 1 0Vci3K-7"Lft 

[0 0 4 6] (7 7 y ^l»lfc« 2 4 ) ^ic, gffi5 8 0 
CCfcLT, SMXCTMG, TMI (FU^M' 

</\ S i 55 x 1 0 1 s/cm3F-7°L/c I n 0 .iG a 0 9 

A<DjgJ*-£j£l£-£3 0 dCD^^-v 7$jlfcjl2 4Ji I n 
5#t? n g®8fbto¥*Kfc b < tt I n G a N 
fl c i: fc J; D , Al 5t&Htftf«#ltC£ * 

yfWihJitt 1 0 O^y^XhP-AtU;, 0. 5/im 
OT©IB/f^£fi£#3C£aWi:U\, 1 0 0*^ 

TflMB Uc<<, 0. 5 /imiOfeU^i:, fSHifttf 

[0 0 4 7] (nflj^vv FS 2 5) Sg5 1 0 

•7A) , TMG, NH 3 , Si H 4 5ffll\ S i 5 1 x 1 
0Va3K-7'LftnSA 1 0 . 2 G a 0 . 8 N J; D &3fH 
l*5 2 0^y^XFP-A(D^J¥T^fi$^ «V>T 
i^V^X, TMA5ih#>, /> F-7°©G aN=fcD& 

^LTfglS+ff2«+iIl/f+|g2Jl+ • • • t^o 

«k ^ tcjBft?***^ u ^n^'nig iji*ioo«, 
*2i*i oo m^mcmmu mmmo. 4^ m ©s 

«HF«J: 0 £5 n iJ^ 7 <y FB 2 5 5ffMf 5o C 3 
{c^-Ji/f^ 1 0 0 ^->^"X hn-UXT, $ b{e»$ 
L<ii7 0^yyxFD-AHT> lt!?SL<li40 

7 >y ^ oao T^4v«tiantt©il^)l^g 

t* 1 5 *: i6 u-^'ji^ n mmwmmmm P 

[0 0 4 8] (niijTt^V FS2 6) «^T, 1050 
°CT-S 155X1 0i8/cm3F-7°LfcnllG aNJcO 
ftSn«l3t^ Kg 2 650. 1 ji m<DJKJTefi!tft£-e 
§0 C(DnfiiJ^73V F«2 6f±, SttSO^-TKHi: 
LTfffflL, GaN, I n G a N5j&K£-&§c: htm 
JK, il^l 0 0ty^XhP-A~5 ftnu ^StC 
ffJL<ii2 0 0ty^'XhD-A~l ^tmCDHWT'^ 
fi*-S5C4:^Sl*U\ ate, oOM^K!2 6t 
StS^/ifrSCfcA^So niJ^VF«15, n 
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^TSMfc««{*S ©TOW&Ay F^> -y yx^;b 

tis SI l (DMRUm 2 oliD'>S < t-T^fc nS^FM 
^%F-7XTfcJ;^L, S ftyyF-^Pfefi^, 
[0 0 4 9] (ffittH 2 7 ) ^JC S Ifi^XiC TMC, 

tm i > yy^-T^ f ; 7Vtf7>%m^zm&Mi 6* 

fig«2^3 0 tmm 1 6(Jgfi£8 0 O^CKfiftLT, 
$fSi^8Xl 0 18 / cm 3 "? F— I n 0 . 2 G a 
0 . 8 NJ;<3^5#pli^2 5*y?Xhu~-L.(DmmT 

—U&X\ S i £8 x 1 0iVcm3F-^L/c I n 0 01 
G a 0 . 95 N£D%Sr#ltH£5 0^>X~Xh-n-AcDli 

m^mmhitwm i i 5*y?x h p-a^bm^ 

#P«j§ (MQW) ®Jgffli2 7*tfSS-&5. ffittJI 

Wine y—7 lt t, a < , ^-r n^-Tj t f- y lt t 
r&] ic h s o a &?s-i±/i * zmm^ttp mm ttzmsx. 

pm&*)WsY*r*v 7°x * tf/hs t 

[0 0 5 0] »+7 7l2 8) 1 0 5 0 

"Ct±»f, TMG, TMA V 7>€r7, Cp 2 Mg 

2 7 £ D F^> v -7^>V#-tf±% < N m g£ 
1 X 1 0 2o/ cm 3H-7°L/ip§!JA l 0 .iG a 0 . 9 NJ;f3 
S5 + t77l2 8^3 0 0^-V^'X bn-AcDJIJPT 

y7tfMflU?ttfciSU:l/rfcfi<, «t»SU<fi P 
SW^F-^L/clii:-r§o +1-7^12 ScDJiff 
fiO. 1 |imHT, £P>tC»£ L<«5 0 0^-y^'X h 
p— AJXR *fejffSb<ti3 0 0*>^XhP-i,W 
"BcHfi-fSo 0. 1 ^m«fct)ffV^iWf7jaft«-&5 
^ ++77'12 8tf lC^7-^^At) VT<&<9, IS 

»Hm(55„ A 1 OffllSJt^fri/^A 

1 G aNSiKffM-f 5fcLD3R?t±8fil,*?>*<=9: 
5o ffllfctf, YffitfO. 2fithOA lyGa^yN-fffcn 
{f 5 o otfy^xhn— AWTfcHratrstfctfSSL 
v\ *+'y^«2 8©iW©TIStt1ftlSSU4^iV 

[0 0 5 1 ] (pfl|ft#-f K0 2 9) m^Xl 0 5 0°C 
T\ ^> F^> v 7*x*;l^-;b^ y 7H 2 8 J; 0 t 
Mg^lxi 0 2o/cB3K-7LfcpSG a N 

«t *) % a p iJ^^v fs 2 9 % o . i p mtDmmxmm 



2-&s 0 ccDmit, mfmcDKfi^ vrntLximb, 

nWytflJ FJB 1 5 £|HJL < GaN> InGaN Tj&ft 
StSCti'SSU^ fc/c, dcDllttp«^^>y FH 
^fi^-SSRSOMy^rJifcUTtf^fflU loo* 
y^XFP-A~5 (im, $5WfL<tt2 0 0ty 
7*XhP-A~l /imOiW|[?j««$-&Sci:tc:«k0, 
0$ U^#V KJii: LTflWSo C©pfil3tt^>r F 
Jit±ii«{± M g p mXWfa* F - 7° L T p 3'i7) *H 

sfc-rstf, wtc^i«^F-7°u&<Tta^o a 

P U^W» * F - 7 L a v > y y f - y xi> a ^ 0 

[0 0 5 2] ( p S§W§?It = p fflij^ 77K13 0) M 
l^T, 1 0 5 0°CT-Mg^r 1 x l 0 2Q/ cm 3 F-yi/c 
pSA 1 0 .2Gao. 8 N«k!)&SSl®Ji;&2 0*V?X 
hn-AtOfjM/PT-fiScg^-li:, i!^TTMA©^^±i6, 
Mg^lXl Ozo/cniSF-yb/cpSG a N JcD&S 

tUTcoaw^ife^n^ni ooisi*it>jiu »js 

0 . 4 ^-mOS4&?-ll J; *) pfj}^ ^ y Fil 3 0^, 
rit-TSo uC0«iinfflJ^7-y FH2 5 tmV<*vV7 

mv&bbmtLxftmu mzpmm<D&vimz{&i : iE 

&%fc!6(DmtLXimtZ> 0 uCDp{!j75'y K»Offlt 
Wfe^cKSL^V^^ 1 0 0^-y^X hP-AJ^±, 
2|imHT> S6tj?SU<fi5 0 O^y^XhP-A 

[0 0 5 3] *SUB0>JOJ;3{C I nGaNJ;D5:l>l-T 

SE L T, flSW 0 . 1 /i mKTO A 1 ?:#t?M» z -#f* 
j; , 9^§p§a+^-y7°Ji2 8*Rlt, ^^p?g+^-y7° 
I28J;') fe}gtt«^6liftfefflHE % pS+^ >y 7°il 
2 8J;0t/^y F^+>y7x*;l^-*VjN£^ P fJ 7 t# 
-< FS 2 9 p«3t^ F/l 2 9 J; D fcffitt 

«^6^n/cfuBtc, pfflijjt^ F* 2 9 J; D fe/^y F 

* =b '3 a 5 P fflj ^ 7 -y KS 3 0 5 c i: 1 0 
Ll\ L*'t p^-V '7 7"IM 1 7»Bv:5:0. 1 M m 
£A! : £n<W&LXh2>rctb, **VT<DrtV7£L? 

«fc 0 p >y 7 p « 1 7 *31 0 ftltS c i: ft 

1 7d^>F4 i >>y7"x^;l/4 i -^7vtV>/ci6, ^«f* 

tf^ss l r , § v m mxmmmm mn 
rfc, ++urt±gtt*^-^-7P— 
t7/'ii7 Tfiih^ns/cfe, u T^rSttScif 

«fr*?*nsja±» lt t ig^^^ffiTt set 
%h>(DX\ mmntfti(Di&^LD?tmmt% c twez 
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[0 0 5 4] (pffljny^ F»3 1) mmc. 105 
0°C?\ p«l^5y KJl3 0O±fC, Mg^2xi02o 
/cm3F-7°L/cp§UG a N pAJn^X^ FH 

31*1 5 o^-y^x hu~L>(DmmT*mm-$-&%<> p 

tofryft hjg 3 i fjpgCD I nx A 1 y G a j_ x _ Y N 

(OSX, O^Y, X+Y^l) Vmj&t%CttfT°%, # 
$L<aMg*F-7°L/cG a Nfrna\ pt!3 2 

fc*fc»$uv*-5v*t»»*qssn§. p ®j 

ft F^-V •y7 P x*;l/:p-tf 
gfcSlilOEfcS 2 U Si +3I2+SI 

1+H2+- • • i:^5J;3fcilWl/tV*, «&fc/* 

y f^> >y yx*;^-^/^ ^©jitf bhj-t s .t 5 

fc-fSi:, p««3 2 4:»$U^-5'yf»j|Ji«m5 
n§„ p«i3 2<o*f»i:bTti, GWAfefNi, Pd, 

'Cip'V.A 1 Y G ai _ Y N^Cy P iJ^7-y FS3 Otejg 
LT, ^> F^> v 7x*;l,:£-0/jNS^S{b1M^W* 
^rpijnyx? F«3 1 <h LT, f©I»*4 0 0^-> 

3>W F«3 0<D*-fr'J7iftKft<K<£9 p€ft?3 2 

[0 0 5 5] Stf2BF7», SJ8£SS$-?Ttt\ $ 
IlflM^v tfx-'V&ElSSffirttcfc^T, 700 
°C-e7x-y >^tV\ p§!JS££ bfcfgffinftT 

[0 0 5 6] 7--'J>m fx-/N*SJ6S»*e. 
fxDWU 0ititj;5(c, R I EiSH^DIilJI 
©pfljnyxx F/13 It, pl^5yF!3 0t%i 

F =y-(^m V >y S^Rfcf « C t IC X <0 , jgtt 

TBMt*i«fiT-rSo #tStt/l£ 0 fc±fcfc5 A 1 
c? p SSft W«ft««±cDil* u -y i?mi t-tzct 

[0 0 5 7] Sfctepfllni/** FS3 10Uy^«affi 
JcN i tAu J;D^§p1iS3 2£XF^:/ttCflM 
•TSo TitA 1 i?)^nfl3 3£»g2 1 

o) •Mi\<Dmg£mc&f£t5 0 tetsmg^mtte 8 o % 
[0 0 5 8] *s*ffli£x^-r-/L 



T\ XF5^7°«©p*S3 2 fcfiit^73|6]-eM-^fc 
fSBIU KBBBiKWJBS^fif So %ib«ffi«fg{k 
ft¥i*OMffi (10 1-0) £f5 0 £P>tC, "fits 
iBicS i 0 2 i:T i 0 2 J;D&SM«f*ffi«?£:JfMU 

h -> > *Wp] L /c«tt) T? H - F >< > * £ fSfi U 

—*f^n*mbtctc?> s ssfcev^Ts minims 

2 . 5 k A /cm2 s HffiSBE 4 . 2 V T\ ^SsSfi 4 0 

5 nmoimmt&ffimzti. 1 o omtsm±cDm^ 

[0 0 5 9] 

3 tftSOTf, G a J: 5 fC$6«ttSfi£ 

&mmt*m>jm-7v -v -fmi-vim < g 

a A s Lftf/WXCJ: -5 £a&Kfllfr&*ffitf 

5 «igox/ w x i: isi vnmc -e § 5 ^ & N SEfg^s 
x^x^wo=b5^a;ifffflHffifeii3iT^§ 0 sfeu 

[0ScO©i|i^SiBj!] 

[0 1 ] *«WO-^i»0iJfcfli« U-«?o«3fi* 

2 1 • • • • G a NS* 

2 2- • • ./^77l 

2 3 • • • ■ n«n>XX F* 

2 4 • • • • ^7-y^K±S 

2 5- • • • ntfij^-y FH (Sfe^H) 

2 6 • ■ • • niJft^V Fa 

2 7 • • • • ffittii 

2 8- • • -+1-7^1 

2 9 • • • • pWytiSJ KJi 

3 0 ■ • • • p«X^-y Fll 

3 l • • • • piJnyx^ FH 
3 2 • • • • p«S 
3 3 • • • • nil 
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[1*1 1 ] 




F 4G077 AA02 AA03 


BE15 


DI505 


DB08 


ED06 FJ03 


HA02 


TA04 


TB03 


TB05 TK01 


TK11 






5F041 CA04 CA05 


CA40 


CA56 


CA57 


CA77 CA82 


CA85 






5F045 AA04 AB09 


AB14 


ABU- 


MQ1-- 


AC03 AC07 


AC08 


AC 12 


AC13 


AD06 AD07 


AD08 


AD09 


ADIO 


AD11 AD12 


AD13 


AD14 


AF09 


BB12 CAIO 


CA13 


CBIO 


DA53 


DA54 DA55 


DA62 


DP07 


DQ08 


EB15 GH09 


HA16 






5F052 JA07 JA08 


JA09 


KA02 


KA03 


KA05 
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wiiz^] m 7 dmm 2 

[fgfrB] TOl 7^8^ 2 5 B (2 0 0 5. 8. 2 5) 

[-W'-fltiw] #P1 2002-261014 (P2002-261014 A) 
M0]«14^9J! 1 30 (2 00 2. 9. 13) 
[tBM^f] #K 2001-363030 (P2001-363030) 
[hli;,:iV„'l 'n'lm 7 IH/J 

H01L 21/20 

C30B 29/38 

H01L 21/205 

H01L 33/00 
[F I] 

H01L 21/20 

C30B 29/38 D 

H01L 21/205 

H01L 33/00 C 



[SaiS] Wl 7^2i!2 2B (2 0 0 5. 2. 2 2) 
WffiffiJE 1 ] 

miEfmmm^ mmm 

[ffiJ£tD|*l^] 

immzi mmm 

n mm±<DmmT*j£&-£&, iimmK?tm£;Tz> ztic^-ormz tircmfva^mwrnm. 

■est), IHttj^f MftoiBoiH]Qg^+ i nmKTC5;§$t*iI»ilfci:i: 
[|f*iM2] tufSMo[H]OM^±0. 5 MmOTT-££C£:^#M£:t-£fi5£iitl 

muMm ix«2 ^fE*g^{L«#ft«« 0 

[MM 4 ] Mrf2n§y«^«S i . Ge, Sn, S. Ofr£j£Si¥fr£>gWrn54> 

s<tt>io^5i:^ mrm mmm 3 hhshe©^ tm^mwmm 0 

_ itmm 5 ] mmmi twrnwrnrnt 2 wsg^tc: ^sxiny^ y # - 7* 

[it 7 ] it >m i pjs e (Dv^-rn^ 1 mc§dm<Dmtvs¥mfomm<Dmmw tie 
[SisRiPis] MieMfcWWiiw. fg^jg?, ^mm, z^n f-r 

mmm 9 ] mmmtm^mwm=¥-te n ft^MiE^t^^stgcDra© s 0 % 
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im>m i o ] mwtm*mtkm^\mmmtwmwm&±.\c n mmitva^mw 
m, tsfm, P sift wifti^iicii l/c t (dt-so t , mmnmmitmmwm 

m&m i i ] mmmimj^mitm^^mmmim^mitmu tiz n >m \m ; m 

[0 0 0 1] 

^m^mim^m^ (I n x A 1 Y G a a _ x _ Y N, 0=SX. O^Y. X+Y^l) <fcD%<§> 
mUh, IftWiftSS^ffl^ W^Vt- F (LED) , U— !f^V^--K (LD 

[0 0 0 2] 
[«©»] 

§„ 

[0 0 0 3] 
[0 0 0 4] 

G a Nli5:^lt5gl^ LT\ M^-^#IS¥ 7-202265 7 - 

1 6 5 4 9 8§C, f 7 7^ 71iO±t Z n 0 i O&S^y 7 rl^ffM LT, ^O/^ 
■y 7 r IS ©± If t WMW*$L& t£*£Tc^ ;vy 7 7 «^®PI&2cir 5 M^fEic $ tx 

. ^-O/^y 77l©±(clftW#M(!!cS$ti:TfellI©IW#«Sp 9 H ^|#§c £ 

mia\> iioz n o o &z^>y7 tmcd±ic, mut^s & ? ^mm^m 

[0 0 0 5] 

mm mm t^atts mmi 

[0 0 0 6] 

[iSM^rM^-r § /cfecD^g] 

^ ' 1 ■ ■ f* & 1 0 0 /i miX h©i)9-eiicM?t, HfiSti^^^-r^ C ^(C^oTfiP, 

S«ffiW]gLfcd^#Mi:«o Maaffl(DHOM^± 0 . 5 M m^Tt-SS d # 

Sfc^S^^Slg{t^#^n^M^F-^L^^ (y > F— 7 s ) GaNK ?j 
L < « nSPf^fiffelfc 1X10 i9/cm3^TOtEHT^£yG a N^/£fi£« Ct^lS L 
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[0 0 0 7] 

i»Si, Ge, Sn, S, Ofr5)S5PA^ltfn5'>5:< tfe 1 Ot'feSC 
[0 0 0 8] 

*^T*ttift»#Mt©£Sa^A^ F-^-Y K£WBl£gi£ (HV P E) -pfeSC 
ttfiffSLVN, HVPEffitli, ^>>>'^A^© 3ffi7cffSII$t 

N^tfS^}*^ t*J;DS<ffll^n^„ S/iMMOVPE?iT«t5iltfe 
X#§#\ HVP E&tlt^LTgum^S-r^o 
[0 0 0 9] 

^??J-y°(D¥{m\U (Full Width at Half Maximum OTs m^^fWgtl^c ) 5 # 
OTXfe £ d £ il-T^o £ <9 L < «MBB^fiSfM^ 3 MTT*$5 „ ¥mMtf 5 

[0 0 10] 

tttSo mmmim^m^m^it, &ytm?, ^ytm?, xmvm. xtti?f/V7 

[0 0 1 1 ] 
[0 0 12] 

MiEg{b^#te#^«Mie^fb^¥*f*»K±fc: nM{b«»{*«, P §y 

[0 0 13] 
[0 0 14] 

^^s^^ai, /N-r f^-t Kscfflfigs^ (hvpe) . m^/b^mbs cm 

OVPE) , #?*§^tf@fi£j|j£ (MBE) m<D$5.mi£mmtf&Z£>\ 1 0 0 ^mtUKDHt 
/PT-figg^-arS^tt, »SL<aHVPESW^o MOVPE, MBEg^Tt 

1 0 0 /im^±©iii«$t^tai 1 omm&±<Dmmm%:mT%rc®^ x 

[0 0 15] 

iWff*aiSOSM'Stfe^tlS4ci:tt, l mmiiUicDUfffflKoJiKMb 
^4^f*«fi£«d fcT?£S 0 ^bfe¥«M*M^8 0 0°CLX-t. »SL<aioo 

' f'Ti SWSoTLSdo fio/cHllfi©±tC 1 0 0 |im«iO)II-{:»M« 
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«fc D , Ifitfct^feglli^S D ^ < < te&tcib. SWa^S £ TflOlIt 
fe^^li^lSST'fSo SS©i¥^« 1 mmKl, M L < W: 1 . 2 mmtt±, $ 
»St<ai. 5mmfiU:tDSS%ffi^5„ ±®fc LT«#fcl®^-rs fc<DW%l^\ 

3mm«TOtO*ffl^5Ci:^$L^„ 3 mm «fc D fcJPl^fc, fi^M^te-TScD 
^513ff H ^S-r§ 0 SfifcLTlt +)-77^7, Xkf^k ZnO, GaAs, Si, G 

a P. S i cmtfimfZtiZ>t>\ 5feK:fe5E^«fc5K, ^77^7, Xfc?*;WiifiJiBfc:*f 

L^o ffSKttl 5 $ 5 i:df S L < li 2 0 0 fi m«±©I)|iT*I?t§ 

o ±R(ilO^Ttt5 0 0 /im«TtflSU\ 5 0 0 fim^±W$ti:§fclWi 

[0 0 16] 

^#{*:^figS7?#So ^7 7 7liiram(fG a N, A 1 G a Nk A 1 N, InG 
aNf«$«^ »SL<(iGaN, A 1 mffltf 0 . 5 U TO A 1 Y G a X _ Y N, 
3:7c I ni0^O. 3JWTO I n x G a j-xN^figg^^SCfc^SSLK fiJcStaSW: 

^{t^WOj^SSiScfc D feMT^SJt, 0>J*Jf 2 0 0 °C~ 9 0 0 TOiBBTv^y 

[0 0 17] 

1 x l 0i9/cm3J^T©fBHT*-g-t?G a NMS^^^t, Itg D B H tt©g^Iftif 

adw<s§o §u h v p Em<D^o^Kmnmc^E^^x^m^^m-vi±s 5 

MiffS K Ge, Sn, S^W^tlSo 
[0 0 18] 

3 ^f^oift!ft¥^B B B ?:fi?i$-a:5 ci tic x 0, mBmm^m^-t^nimic^r 

IIWIftil^^^^i(C< 10 0 ^mJ^±£Dil{tW-#{*^a:»^|g 

So 

[0 0 19] 
[0 0 2 0] 

TaST-feD. *^WOlR?0«3fi^ST?tiSSS*ls[Off$«^C|SSLS:V'»o fi5S%dc: 
ftWlftlSiI^»51 3 ©Igf£§„ HflM^± l (tmfiUfeSi:, ^« 
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[0 0 2 1 ] 

1 0 0 /imJ£U:J5ggS-e:5fc:H\ HVPE. MOVPE. MBE»5^ JfSL<« 
HVPE, MOVPE^l\ Ifeff S L < tiH V P E HVPE^fe 

<t±MovPEM)i^„ mo v p Eitmm¥Wi*(Dmm%:fflmL^-r<, sst, 

A 1 G a N©i9&A 1 HVPEmKT^7 
[0 0 2 2] 

{*^^^§«i4^D^sas^bTv^c^k^#{*s«cDWM^-r§o cobs, m 

fiOXin^V ^ A - y <D 1"S « 5 7>OT, $5>^£?3;L<W:3 
[0 0 2 3] 

[«M] 

[Hill] (HVPE) 
^^-h^5>Iitl/cfSg^, f4i6^fti^/c^$ 1 . 2mm, 2^yf 0O1t7 7^7»E 

[0 0 2 4] 

LT, HC 1 f^fcG aS:Sf5?tTG a C 1 3 *4fi!c?ti:, '9"77-l'7 SIMiJ WiE L 
N P>tt7y^7^X^i:< t'J7/5f7i:±f«:«tt&U ^77-f7 

MK±^G aN<};>)ft5^7 7 7l%3 0 0 h n — AcdJ»-?/jScS$-£§ 0 

[0 0 2 5] 

^7 7 7MSE +)-7 7^7»«orafi^ 1 0 5 0tt±#J^ MgO. 5 
lim/ftX* 1 OflffUMg^rfiV, Jf:$ 3 0 0 (imOG a N^figg£-£3 0 
[0 0 2 6] 

±iami±Lfcmmmmrp7:\ 1 1 o o W55^r--u >^t^>o ^(0^5^ g 3 n 

[0 0 2 7] 

7--'Jvm fi-^WggiK^L, ^+tyFlMM^T, ^77r 
^7»fii«7ylfV^U *77^7«fc^777W£t§„ $^^f,ffl 
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[0 0 2 8] 

n >y — ^<D^ip@*S!l^-rs 3 D , ISJI'&cDS^ G a NSS^'f 

^ntvsc: ttimmi^tc 0 &13<i<dg a NiitwiiifcLts i^sx 1 oi7/ cm 

3«T, Otf 1 X 1 0i6/a3j.^ S tlt^§ct^S IMS(aOf«L/c„ CftttM 
[0 0 2 9] 

immm 2 ] (m o v p e ) 

ffi¥4- 1 6 4 8 9 5fm |2BC^tMOVPEgSW\ 1?$ 1 . Omm 

. 2^>f-0(o^-y7^r (CM) stgfc, cios«oSJS««F«3fc-fev hu ^#§rt* 
zk3fs-e-t-#g&L;te&, zkifr&iffiL&tfe., s««/S-^i o 5 o°cm±#£-^ 

[0 0 3 0] 

G (hU^f-;^U^W i:*ffli\ ltg±tG aNJ:048^77i*2 0 0*>^ 
[0 0 3 1 ] 

MM* I 0 5 0t$t'±#m HMXtCTMG, r>^-r*fflV\ fiScSM 
SO. l|im/^\ 2 4 if 1 4 4 fimOy > F-^G a Nl^fiScg? 

[0 0 3 2] 

G a N 0^fl¥W±tcAp£E LfcffiEB^gg^T*. 1 1 0 0 °CT 5 »H7-- U >^L;te&, 
^r^r»IMU^^-y tf>^\ #'J '>y^LT, 1 4 0 |im©G a NSI^fSo $ 

e> mmmcomim^mfoMMcDwaztmm Ltctcz, ± o . 5 ^ m »so/c 0 

$ 5 tcWOT^P) X*§?n -y ^>y*-y<D^ffii|i«:aiJ^-r S 2 D . 

[0 0 3 3] 

[J*«H8I 1 1 

mmmiiC^X, 0 0 fimO^r^rSfi^ffl^SM, »LTGaN 

^Jjgfi^ U/c W^?M<D G a NIWXId -y — :/<D4M0iW 8 D , 

MM 1 KMLT, G a NStg<D*g B %tt*WX±^-p TV^S C £ tfipJUB Lfc 0 $ 5 t N 

800 fimOD^cDi^m^icmm^mtir L^-orc 0 

[0 0 3 4] 

KM 3 ] 

MMM 1 TffBtl/cG a NStg^mM - 1 6 4 8 9 5 *§4>$g, ^2Hfi:StMOV 
PEWl\ C£>M<DKJ&gg§F*KC-{r«y h U 1 0 5 01CKT, Si^lxiO'9 
/cm3F-7 0 b/cn§yG a N/B* 5 ^mOSW?fi8SS^5 0 nlG a N^fiScSffi 

[0 0 3 5] 

nlGaN <D_blC^ S i * 1 X 1 0 ^/cm* F-7*bfc n M A 1 0 2 G a 0 8 N <fc 
D%£fg 1 2 0 t F n-i,©IJ?-e/jgg?^ ^T/yK-yOG aNi 

D^:§lg2cD/l*2 0^-i/^X Fn-A©I)?MU^ 0 . 4 M mcDSI§« 



[0 0 3 6] 
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0 0°CT\ I n Q . 4 G a Q 6 N «fc D & 5 JUJS 3 0^y^7hn-^Of-lf#p 
[0 0 3 7] 

fSiim<D±lZMg^ 1 X 1 0 2o/cm3K— yUfcpMA l 02 Ga 0 gNiOSS 
^101^2 Oty^XhD-A©IfT^l$^ i^TMg^lxi 0*i9/cm3H- 
7°L/c pSG a NJ;»)S5S2<Oli&2 0 h n— AcDJBtff Tjic«-i±, «l¥0 

^fRg(^cft±irso *feiS*s?«ttnOT«i. ps»«i©v^-rn*>-^, gL<as^ 

[0 0 3 8] 

^(l©pl^77 KJS50±tCMg* 1 x l 02°/ci3K-^LftpiG a NS^rO 
. 5 nm<DMmT*F&m'$-&Z>o 
[0 0 3 9] 

[0 0 4 0] 

7— — u>^, ^x— ^sjs^ggfr^oaiu a±«op§yG a nien i t a 

u t^trlEitS, SSSffiltWi S i £: A u J; D ft^fUlffi^tatf TctJL 3 5 0 \i 
m^Of7^ILTLEDi?i:L/cti:5, I f 2 0mA(C^T5 2 0 nmOl 
fefEtffrfcasU Vf(i3. 2V, tB/j«8mWfefeofc 0 
[0 0 4 1 ] 

[J*80!I2] 

^Sf50!l 1 T-t#5»n/cG a NifiOiiS(DBfl^± 1 . 5 fi mCD&CDttmi^mZMM 
B\3 tmmiCl^TL E Di^ftSLftti:5, [B]D< I f2 0mAC^t, Vf3. 

[0 0 4 2] 

[«f^4] 

m i ««f?u 4 cfc of#f>n/c b-fifoiig^7^«^iii-e£ d , u— tf 

[0 0 4 3] 

^Sfiffll 1 Tt#P>n/c G a NSi 2 1 ^ t#P»W 4 - 1 6 4 8 9 5 #£tffi N £ 2 miC^T 
MO V P ESHcDSJSSgg^^-fe'y h U g^^WT'+ML/c^ 7j<^^-^L^ 
SI^SS?: 1 0 5 0tST'±#?t, J&EO^U— — >^*ff -5o 
[0 0 4 4] 

m^x, urn* 5 i otST-w, ^-^ur^x^TK^ js^cr^wtTM 

G*fflV\ 2 litGa NJ;i3^§^-y7 7i2 2%S2 0 O^^Xhn-^I 
JPT?fiJcS£«o ^77712 2IJA1N, G a N, AlGaN, I n G a N^#9 0 0 

[0 0 4 5] 

(nlljn>^^ M23) 

/W7 7l2 2lSli, TMG©*±&T. Mfi* 1 0 5 0^i:T?±#|S-£5o 105 
OtKSo/cP), T M A <h T ->^>^X^iH/\ S i §1 X 1 OVctfF- 

[0 0 4 6] 

(fjvzmitm 2 4) 

^> fifi$8 0 0 o C{i:bt, WXKTMG, TMI (h U^f /Wy^^A) , 
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G a 0 . 9 N£*)%:&l7-7>yZffi±m2 4*5 0 0 * h n — iO)gJ?T*fi!tfi$-&5o ' 

d ^ * <y * Kflh« 24liln n M<D^{t^¥#^ ffSKlilnGaN T?/&g 

l£^%£tlC£i9, A 1 ^t&Ifbft^i^I etyc*^ v?tfAZ><D*W5±TZ>££tfT: 
SfeCOi'^'^ISjtittl OOty^hn-AfiU:, 0. 5(im«TOl)lT' 

i»±fcbTf^fflLtc< <, o. 5 i^miD t^^i:. m^mwmMt^mmr.^^ 0 % 

fc\ C cd^ v >y 2 4 «\ ^BS-rs d 1 1 5 Q 

[0 0 4 7] 
(nflj^^y FI25) 

Sg§ 1 0 5 o°acbT, JJllWXtTMA (h'J^f;l/7;l/5-<>A) , TM 
G, NH 3 , S i H 4 ^t\ S i * 1 x 1 Oi9/cm3F-7LfcnSA 1 D 2 G a G 8 N£ 
D%Sfg l 2 o^-^x hn— AOllf^fi?^ M^Tiy^^fi'x, TMA^ih 

ltjh ii+i2Mii+i2i+ • • •t^uawMiiu ^n^n 

glMlOOl, ^21^100 /S52StcM U ^fll/p: 0 . 4 M m«j; 9 % 5 
nflj^^y FW2 5*Mt5o COJ:5£#- «tff*M 0 otV^XFn-^ $ 

[0 0 4 8] 

( n myt-ftsC FI2 6) 

ffi^T, 1 0 5 0 °CT S i * 5 x 1 0 is/cm3 F-^LfcriMG a N «k D ftSnTO 
KS 2 6 * 0 . lfi m<D$|/PT*/£gS-t*5„ c CD n ffliJ^V F/l 2 6 ffiftl©^^ 
^FltLtfffflU GaN, I nGaNMSJ«Cfctf iSb<> jg^ 1 0 o^> 
^Fn-A~5/im, S5K!?$L<(42 0 0t^XhD-A~l finKDlHtll 
MSCWISU^, <:©^VFi2 6fe®1gfl(ct5i:t^!f5 0 n{RU 

tmftmwmftii&w f^> >y yi^^iigftij; o < -r§ 0 is#r?s ^-r 

[0 0 4 9] 

(iSfti 2 7 ) 

JgCMXCTMG, TM 1, T>^7\ 5/7>fX»^}gttll6^I 
£«o iSttll 6tW^8 0 0°Ct«ftLT, S-TS i^8x l 0 ™/ cm 3 r * F-^ 
L/c I n 0 . 2 Ga 0 . 8 NcfcDS:5#pi§2 5t^Xha-i,olM^§o ^ 
TM I <D^;l/tt^^{k^-&5<D*T*P-iafflT% S i ^ 8 X 1 0 18 /cm3 F-^L/: I n Q 

2 0HDMU M^^/a^rMb/cMff 1 7 5ty^XFD-A«Mi?ftpi 
}fi (MQW) cDrStt«2 7^)iJcg$iiSo rSttiS(cF--y^S^,M^«ttffl#ij©J;-5^ 
MmI | i ,1 .Kt.jod F-7Uta<, t-fn^CF-7LTfeJ;^o tetsnmPf 

^Miiftf/^ F^-V >yy*x^;l/^O^J^ttPifc, ftpli D F^-V «y7x 

[0 0 5 0] 

2 8) 
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Sfttl 0 50t(cM, TMG. TMA, Ti^- 7\ Cp 2 Mg (>^n^ 

z/%y^-)\,^y%vt>i±) Jtm\,\ rSM 27i0 F^> <y 

<, Mg5: 1 x 1 0 2o/cm3K— y^fcpMA l 0 .iG a D gNiti^^ + fy :77S 2 8^ 

3 0 hn-AcDMi¥T?^cS$-l±S 0 Z-(D^Wfm2 8 ti p §y^M^£: K— 7 

<, ifelffS L< fi pi^SStl^ F^/Lfclfct5„ ^-V-y7°«2 8OlI»«0. 1 M 
mOT, ? t. KjtFS L < 14 5 0 0 1 h n - AOT, ife!?SL<[i3 0 0*^ 

hn-^Trilt§ 0 o. l|/mJ:f))li«-plSJt5t, ^7^128^: 

/c4^ t U 7^COx^;^-^'J 7^ h DIIT'SS < & gift, Al 

<Dfflfigi:fc#*^A 1 G a NlMff <fl5^ciT§ t L D^?«5gSgL^>-r< ^r^o 0J*fcf, Y 
fil^O. 2 W±OA 1 Y G a j.yNT'&nfcf 5 0 Ot^Ti h CI fctf 

[0 0 5 1] 

(p«) 1 c^V h*!2 9) 

m^X 1 0 5 0 °CT\ ^> F4^> -y :/;n^,l^-^4^ 7/l2 8j;D M g 

j&l x 1 0 2o/ci3 F-^Lft pSG a Ni plM^ FI2 9^0. 1 ^mOl 

*MS$t5o C©itl ffitt/'KDT^V F*t btftfflb, nfPJj^V F« 1 5 i:[Bj 
b<GaN, InGaNT'15J^Li^iSU\ g-fc, d cD®« p fij^ <y FM 
/£S£^£l^cD/^y:7 7/B^bTfcfFfflU 1 0 0t>^Xhn-i,~5 /xm, 

€> — p m^MW}* F-T'Ltfei^L, £ p S^JUMftf* F-ZL^lVy F— 7°"^ 

[0 0 5 2] 

( p = p AH ^77FI3 0) 

§!^T, 1 0 5 OtfMg^l X 1 0 2o/ cm 3 F -7 o b/cpgyA 1 0 2 G a D 8 N£D& 
5Sl©l*20*>^hD-AO«J|i?iS5St, i!^TTMA(D^^ih46, Mgtt 

1 x l 020/0,3 K— AftpiG a N «k D%£fg2<D/l;&2 0t>^XFn-i,(Dll| 
T/?£g$« 0 ^LTilCi^^nfni 0 0|§I*5H>igU l£Mff0. 

i^^W pffJ^'y FI3 0 %o £<DmtenM<>^v F12 5 ^[W]b<^-v U 

TICMIfcLTf^ U flfCp Sl(DfgK$^fiT$^5/cfe©ltLTfffflt§ 0 
d <D p -5 -y F/«OMM#^Pls£ L%v^\ 100* Fn-A«h 2 M mK 

[0 0 5 3] 

»3fifiJcD «k d tlnGa N «fc 0 ^§«-?M(D#^a^^f-rSrSMcD±l^ ^(Drg 
M2 7(CgU, ISO. 1 /itnWTOA 1 ^^Ifcfffifti 9 =53 p»-v >y 7° 

i2sm ^-cDp§y^^>yy/i2 s £ o fcSMfr 6gm/c{fiH^ N P st7yi 

2 8 cfc t> fe/^y F^> -y pl^^jV FS 2 9 

-f Fit 2 9 it) fergttS^e>an/cfiHfc, pfiJ^V K« 2 9 <fc D F^> <y 7tf 

*#^A 1 ^^IWiftmSMi D«:§ pi^77 FS3 O^lftttSCLfc 
te^K**?* LV\, LfrfepSJ^-w^JB 1 7cDMff^0. 1 /imJKTfcf<ia^LT$. 

t> P §y^-v 7 7ii 7 ^iDMs c nwezT. mamxmm^ < sia^ 
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[0 0 5 4] 

(pfflflnv** M3 i ) 

1 0 5 0 0 C-?\ p ^ -y KH 3 o ©±K, M g ^ 2 x 1 0 2o/ cm 3 K— ^ L 
/cpSUG aNJ;f)M plny^^H3 1^15 0^>^X ha— AcD/jl/PT-fiScg^ 
So p«|3^^H3 llipaoin x Al y Ga 1 . x _ Y N (O^X, 0 ^Y, X+Y^ 1 ) 

l'2Clt«U HSl +H2+glH-|F|-2+ • • •t^^^tCllLTl^, 

LV^-5^^jg«4^P,nSo pli3 2<D^Lm «MNi, Pd, Ni/ 
AufWSili:^^, £fc*3!SIJI!©jR^*l±pg!A 1 y G a j_ Y N^#t? pfflij*^ 
y K/B3 OCglt, ^> / F4 i >-y7 p ^^;^^--(D/J^^l^ft: ! f^34 £ «{*^pfflIJ^^^^ j, 
S3 l tit, ^-cDHli?^4 0 0t>^ hn-A«Tt»< LT^SftftC, HKftJlc 
pffjn^^ hji3 oo+t U7Ig^l<4 0 P Si3 2 U^-5y^^f5 

[0 0 5 5] 

X, 7 0 V^&f?l/\ pM^$P>tC©S*TLftt-So 

[0 0 5 6] 

7— — U>^, ^x-/N^rSJ55^#§^P»^Ot£iL, El ncjj^r £5^, R I ESKl 
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